Communicative and critical health literacy (HL) are thought to play an important role in improving healthy behaviours. However, no study has examined the relation between these types of HL and physical activity. The purpose of this study was to examine the relation of these types of HL to overall ("total") physical activity and the different domains (workrelated "work", travel-related "travel", and recreational "recreation") of physical activity in Japanese adults. This study was an internet-based cross-sectional survey. The analysis included 3,132 participants. The survey included the following variables: 1) communicative and critical HL, 2) physical activity measured by the Global Physical Activity Questionnaire (GPAQ), and 3) confounders (gender, age, marital status, living with family, household motor vehicles, body mass index, household income, educational status, and employment status). To examine the relation of communicative and critical HL to physical activity, logistic regression analysis was performed to calculate the odds ratio (OR) and 95% confidence interval (95% CI) for "active" physical activity in total and each domain ("work", "travel", and "recreation") of physical activity stratified by gender. In men, high HL was significantly related to total (OR: 1.81, 95% CI: 1.47-2.22), travel (1.76, 1.42-2.18), and recreation physical activity (1.75, 1.39-2.21); but not significantly related to work physical activity (1.22, 0.94-1.58). In women, high HL was significantly related to total (1.43, 1.15-1.77), travel (1.38, 1.11-1.71), and recreation physical activity (2.12, 1.63-2.76); but not significantly related to work physical activity (1.31, 0.97-1.78). This study suggests that a high level of communicative and critical HL was significantly related to high level of total, travel-related, and recreational physical activity in Japanese adults.
Introduction
Physical inactivity is a major risk factor for all-cause mortality and non-communicable diseases. In recently years, the proportion of insufficient physical activity in adults around the world was about 31.1% 1, 2) . At the same time, among Japanese adults, the proportion of insufficient physical activity was over 40%, and the amount of physical activity had declined over the previous decade 1, 3) . Therefore, insufficient physical activity is a public health issue, and it is necessary to develop a physical activity promotion program that considers its related factors.
Health literacy (HL) has begun to be recognized as a key factor associated with health conditions and behavior. Sørensen et al. defined HL as follows: "Health literacy is linked to literacy and entails people's knowledge, motivation and competences to access, understand, appraise, and apply health information in order to make judgments and take decisions in everyday life concerning healthcare, disease prevention and health promotion to maintain or improve quality of life during the life course" 4) . A systematic review that examined the relations of HL to health condition and health behavior outcomes, reported that low HL was consistently related to some health outcomes 5) . Thus, HL is a relevant factor for health outcomes.
Furthermore, HL has been classified into the following three types: 1) basic/functional literacy, 2) communicative/interactive literacy, and 3) critical literacy 6) . While basic/functional literacy is a basic ability such as reading and writing, communicative/interactive literacy and critical literacy concern developing ability with social skills such as communication and information criticism 6) . *Correspondence: tarao@waseda.jp Therefore, research focusing on communicative and critical HL has becoming increasingly important 7, 8) . A few studies have indicated that high communicative and high critical HL contribute to self-management for chronic diseases more effectively than functional HL [9] [10] [11] . Further, in Japan, high levels of these types of HL were significantly related to better self-rated health among Japanese adults 12) . Some studies have already examined the relation between HL and physical activity, but three limitations remain. First, because some studies have not shown consistent results of the relation between HL and physical activity 5, [13] [14] [15] [16] [17] [18] , it is important to examine this relation further. Second, since there isn't any known study that has examined the relation of communicative and critical HL to physical activity, it is necessary to conduct research for examining their relation. And, third, since there isn't any research examining the relation between HL and domains of physical activity (DPA; e.g., work-related "work", travel-related "travel", and recreational "recreation"). It is important to consider the target domain when developing programs to promote physical activity 19) , and gain an understanding of the relation between HL and DPA for developing programs to promote HL in the future. Moreover, the factors related to physical activity differed between gender 20) ; however, no study has used a genderstratified analysis to examine the relation between HL and physical activity. Therefore, the aim of this study was to examine the relation of communicative and critical HL to DPA among Japanese adults.
Materials and Methods

Participants
This study used the dataset analyzed in our previous study 21) , which was an Internet-based cross-sectional survey of 3,269 participants selected from a pool of 106,281 individuals registered with a Japanese Internet research company in 2014. The company has access to each registered individual's sociodemographic data, which we were able to use to target specific attributes. The participants were 30 to 59 years old and were selected in accordance with their distribution by gender, age, and household income in Japan 22, 23) . A total of 8,284 individuals were randomly selected and sent an e-mail invitation to the Internet-based survey. Consequently, 3,269 participants responded (response rate: 39.5%). However, 137 participants with missing data were excluded, and the final sample included 3,132 participants (final response rate: 35.1%). The e-mail invitation contained a link to a secure version of the questionnaire website, and the participants could log in to the website by using an ID and password. The participants received a point worth 100 yen (1 U.S. dollar was approximately equivalent to 102 yen and €1 to 140 yen at the time). All the participants read an online informed consent form approved by an ethics committee, and voluntarily completed the demographic data form and clicked on the "agree" button. The study received approval from the Academic Research Ethical Review Committee of Waseda University, Japan (Application Number: 2013-249; Jan 17, 2014).
Measurements
Physical activity
The World Health Organization (WHO) developed the Global Physical Activity Questionnaire version 2 (GPAQ v2) as a modification of the International Physical Activity Questionnaire (IPAQ), which can be used in multiethnic settings 24) . It was used to estimate the weekly total quantity (in minutes) of moderate-to-vigorous physical activity lasting for at least 10 minutes per session across three separate domains (work, travel, and recreation). Previous studies have shown that the GPAQ has good reliability and validity 25, 26) . For statistical analysis, each DPA was categorized into "active" (physical activity performed for 10 continuous minutes at least once a week) or "inactive" (physical activity not performed for 10 continuous minutes at least once a week). Furthermore, total physical activity was categorized according to WHO's physical activity recommendations (active: ≥150 min/week, inactive: <150 min/week) 27) . The data was handled with the same methods as our previous study 21) .
Communicative and critical health literacy
The communicative and critical HL scale developed by Ishikawa et al. 16) was used in this study. This scale contains 3 items about communicative HL (i-iii) and 2 items about critical HL (iv-v). These items focus on whether the participants are able to (i) collect health-related information from various sources, (ii) extract the required information, (iii) understand and communicate the obtained information, (iv) consider the credibility of the information, and (v) make decisions based on the information, specifically in the context of health-related issues. Each item is rated on a 5-point scale from 1 (strongly disagree) to 5 (strongly agree). The average of the raw scores for the five items was calculated to obtain an overall communicative and critical HL score for each subject. The participants were divided into two groups according to the median score of communicative and critical HL (high HL, ≥3.8; low HL, <3.8), similar to a previous study 16) .
Confounders
The demographic variables collected from the research company included gender (male or female), age (continuous), marital status (married or unmarried), living with family (categorized as Yes or No), household income (categorized as <3, 3-5, 5-7, 7-10, or ≥10 million yen), educational level (categorized as junior high and high school graduation, two-year college degree or equivalent, or four-year college and higher degree), and employment status (categorized as non-full-time or full-time worker).
Participants self-reported the number of household motor vehicles (categorized as none, 1, or 2+) and body height and weight to allow the calculation of body mass index (BMI: body weight in kg/body height in m 2 ; continuous).
Statistical analysis
All statistical analyses were stratified by gender. Descriptive statistics were used to characterize the participants and cross-tabulated to examine the relation of HL to the confounders and DPA. Categorical variables were analyzed using the chi-square test, and continuous variables were tested using the t-test. To examine the relation between HL and DPA after adjusting confounders, binominal logistic regression analysis was conducted to calculate the odds ratio (OR) and 95% confidence interval (CI) for "active" physical activity. The dependent variable was DPA and total physical activity, and the independent variables were HL and all confounders (gender, age, marital status, living with family, household income, educational level, employment status, household motor vehicles, and BMI). Significance level was set at p < 0.05, and all analyses were conducted with SPSS 22.0 for Windows (IBM Japan Inc., Tokyo, Japan, 2013). Table 1 shows the characteristics of the participants. A total of 1,579 men (50.6%) and 1,553 women (49.4%) participated in this study. In men, 831 participants (52.6%) were high HL, which was significantly related to age, household income, educational status and employment status. Furthermore, the number of male participants with "active" total physical activity was 761 (48.1%), which was significantly related to HL. In women, 838 participants (54.0%) were high HL, which was significantly related to age, household income, and educational status and BMI. The number of female participants with "active" total physical activity was 634 (40.8%), which was significantly related to HL. Table 2 shows the odds ratio of "active" physical activity by HL after adjustment for confounders. In men, high HL was significantly related to more total (OR: 1.81, 95% CI: 1.47-2.22), travel (1.76, 1.42-2.18), and "recreation" physical activity (1.75, 1.39-2.21), but not significantly related to "work" physical activity (1.22, 0.94-1.58). In women, high HL was significantly related to total (1.43, 1.15-1.77), travel (1.38, 1.11-1.71), and "recreation" physical activity (2.12, 1.63-2.76), but not significantly related to "work" physical activity (1.31, 0.97-1.78).
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Discussion
This is the first study to examine the relation between communicative and critical HL and DPA in Japanese adults. To the best of our knowledge, no previous study has examined this relation. Our study reveals that high communicative and critical HL is significantly related to total physical activity in both genders. These results are in agreement with a previous study that reported that functional HL was related to physical activity in >15-year-old Australians 13) . Although there are no studies that examine the mechanisms linking communicative and critical HL to total physical activity, a few studies exist that focus on the mechanism between functional HL and physical activity. Osborn et al. reported that, in patients with hypertension, functional HL promoted physical activity through knowledge and self-efficacy 17) . Moreover, Dominick et al. conducted an intervention study, and reported that functional HL at baseline was a predictor of improving self-efficacy for physical activity at follow-up 15) . Therefore, selfefficacy and knowledge could be the mediators linking HL to physical activity. In future studies, it is necessary to examine this mechanism by focusing on self-efficacy and linking communicative and critical HL to total physical activity.
In this study, high communicative and critical HL was more significantly related to "travel" and "recreation" physical activity in both genders. Von Wagner et al. and Chang reported that functional HL was not related to exercise 14, 18) , whereas Ishikawa et al. reported that communicative and critical HL was significantly related to exercise among Japanese adults 16) . Therefore, "recreation" physical activity could be related to communicative and critical HL, but not functional HL. There is no study that has examined the relation between HL and "travel" physical activity. A previous study has shown that "travel" physical activity was significantly related to self-efficacy for physical activity 28) ; this suggestion could imply that HL is related to "travel" physical activity through the same mechanism as it is to total physical activity. "Work" physical activity, including daily work (e.g., housework, labor), was not significantly related to communicative and critical HL, and did not effect daily work despite high HL.
This study has some limitations. First, this study may have a selection bias, because the participants were selected from an Internet research company's participants. Second, these results cannot refer to a casual relation of communicative and critical HL to physical activity because this is a cross-sectional study. Despite these limitations, this study contributes to a better understanding of the relationships between HL and physical activity.
In conclusion, our results reveal that communicative and critical HL is significantly related to "travel" and "recreation" physical activity, in addition to total physical activity, in Japanese adults. In future studies, one must examine the mechanisms that link communicative and critical HL to physical activity, and conduct an intervention study that improves HL that leads to increased physical activity. 
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